Peroxisome proliferator-activated receptor alpha-retinoid X receptor agonists induce beta-cell protection against palmitate toxicity.
Fatty acids can stimulate the secretory activity of insulin-producing beta-cells. At elevated concentrations, they can also be toxic to isolated beta-cells. This toxicity varies inversely with the cellular ability to accumulate neutral lipids in the cytoplasm. To further examine whether cytoprotection can be achieved by decreasing cytoplasmic levels of free acyl moieties, we investigated whether palmitate toxicity is also lowered by stimulating its beta-oxidation. Lower rates of palmitate-induced beta-cell death were measured in the presence of L-carnitine as well as after addition of peroxisome proliferator-activated receptor alpha (PPARalpha) agonists, conditions leading to increased palmitate oxidation. In contrast, inhibition of mitochondrial beta-oxidation by etomoxir increased palmitate toxicity. A combination of PPARalpha and retinoid X receptor (RXR) agonists acted synergistically and led to complete protection; this was associated with enhanced expression levels of genes involved in mitochondrial and peroxisomal beta-oxidation, lipid metabolism, and peroxisome proliferation. PPARalpha-RXR protection was abolished by the carnitine palmitoyl transferase 1 inhibitor etomoxir. These observations indicate that PPARalpha and RXR regulate beta-cell susceptibility to long-chain fatty acid toxicity by increasing the rates of beta-oxidation and by involving peroxisomes in fatty acid metabolism.